The synthesis of aromatic aldehyde oxime esters (considered fragrances, antifungal and antimicrobial compounds) was achieved by two reactions which combine the advantage of green chemistry and biocatalysis. In the first step, the mechanochemical oxime synthesis by means of grindstone milling of six solid aromatic aldehydes and hydroxylamine hydrochloride in the presence of Florisil R , as the best support, yielded the aromatic aldehyde oximes 1-6 with high purity and good yields. In the second step the lipase catalyzed acetylation reaction at 40°C for three days of those oximes with vinyl and isopropenyl acetates as acyl donor substrates and ethyl acetate as the solvent, yielded the aromatic aldehyde oxime esters. With Candida antarctica lipase (Novozyme 435), the conversions of oximes 1-6 into their esters were ≥ 99% according to the 1 H NMR results and it was the best biocatalyst compared with others such as Candida rugosa (CRL), porcine pancreas lipase and the recombinant lipase LipMatCCR11 from the thermophilic strain Geobacillus thermoleovorans CCR11 cloned and expressed in Escherichia coli BL21 (DE3), all of which showed lower yields.
Oximes are organic compounds obtained from aldehydes and ketones which are important starting materials for the synthesis of oxime ether/esters, amides, nitriles, amines. They are intermediates for the synthesis of diverse biologically active compounds such as insecticides, antimicrobial, cardiovascular, antibacterial, antiparasite, antifungal, anti-inflammatory and analgesic substances, nerve agent antidotes, and some of them are also flavors and fragrances. Moreover, oximes have important applications in inorganic, analytic and industrial chemistry (anti-skinning agents, nylon production and in biochemistry [1] .
Recently the synthesis of aldehyde oxime esters was achieved by the reaction of aldehyde oximes either with carboxylic acid anhydrides in benzene and in the presence of catalytic amounts of HClO 4 , or with carboxylic acid chlorides in methylene chloride and either pyridine or triethylamine [2] . However, there are significant safety concerns regarding the use of these reagents due to their corrosive and hazardous nature. For this reason, the replacement of these reagents with less harmful alternatives to yield oximes and their esters is a major objective for green chemistry, which uses methodologies such as homogeneous and heterogeneous catalysis, phase transfer catalysis, bio-and photo-catalysis, microwave or ultrasound activation, the use of nonconventional solvents (supercritical solvents, ionic liquids) or solventless/mechanochemical reactions as alternative pathways for obtaining more environment-friendly processes [3] .
The purpose of this work was to study the synthesis of aromatic aldehyde oximes and their esters in two steps: the mechanochemical oxime synthesis by means of grindstone milling of solid aromatic aldehydes and hydroxylamine hydrochloride in the presence of a basic inorganic support (Figure 1 ), and then a lipase catalyzed condensation (oximolysis) reaction between those oximes as nucleophilic donor substrates (Figure 2 ) and ethyl, isopropenyl-and vinyl acetates as acyl (acetyl) donors to yield the corresponding aldehyde oxime esters. The lipase from Candida antarctica, CAL-B (Novozyme 435) was selected as the biocatalyst.
As regards the synthesis of aromatic aldehyde oximes, grindstone chemistry has emerged as a promising and powerful tool for the synthesis of a variety of organic compounds due to the fact that, in the absence of a solvent, highly activated local sites are produced in the reacting species by mechanical energy which speed up the reaction and improve the chemical yield [4] . The use of solid supports as a milling aid can greatly improve mechanochemical organic reactions, because the abrasive materials used enhance the mechanical action of the milling, making the reaction mixture more powdery. Nowadays, inorganic oxide supporting reagents, such as silica gel, magnesium silicate (Florisil R ), zeolites, clays and basic alumina, are a well-known approach to increase reactivity or selectivity and they can also play a more active role, for example as acid or basic catalysts [5] . Taking all the above into consideration, the mechanochemical synthesis of 4-hydroxy-3-methoxybenzaldehyde (vanillin) oxime 1 was carried out by manual grinding, with a mortar and pestle, of a mixture of vanillin, hydroxylamine hydrochloride and one of various dry supports ( its oxime was observed to be complete in all the supports tested after 50 min. At the end of the experiment, the solid reaction mixture was extracted with ethyl acetate, and then the solvent was vacuum evaporated. The residue corresponding to oxime 1 was obtained with high purity and yield in most cases (Table 1) .
According to the aforementioned and similar protocols [6] , oximes 1-6 were synthesized from the corresponding aldehydes: vanillin, 3,4-dimethoxy benzaldehyde (veratraldehyde), 4-hydroxy benzaldehyde, 3-nitrobenzaldehyde, 4,4-dimethyl amine benzaldehyde and 4-chloro benzaldehyde, using Florisil R (magnesium silicate) as the support.
All the oximes were obtained in high yields (94-97%) and their identity was confirmed by Gas Chromatography/Mass Spectrometry (GC-MS) and Fourier-transform Infrared Spectroscopy (FT-IR). Table 2 shows the expected molecular ion and the base peak that results from the molecular fragmentation of each one of the oximes 1-6 obtained. In the same way, the changes observed in the FT-IR spectra absorption bands corresponded to the conversion of aromatic aldehydes into their oxime products as revealed by the disappearance of C=O (stretching band at 1676-1702 cm -1 ) and the appearance of two characteristic oxime absorption bands due to stretching O-H near 3,450-3,250 cm -1 (C=N-OH) and at 1588-1620 cm -1 due to the stretching of the C=N bond. In the second part of this work, the lipase catalyzed transesterification reaction was considered for aldehyde oxime ester synthesis between oximes 1-6 and ethyl, isopropenyl-and vinyl acetates (Figure 2 ). This has emerged as an important methodology of green chemistry for the synthesis of organic compounds (pharmaceuticals, flavors and fragrances, cosmetic ingredients and other fine chemicals) [7] .
Biocatalysis has many important advantages and added benefits: mild reaction conditions, highly chemo-, regio-or stereoselective, resulting in higher product quality and reduced waste generation, employing an enzyme that is biodegradable and derived from renewable resources, and finally processes are step-economical. Therefore, Candida antarctica lipase (CAL-B) was selected as the biocatalyst [8] to test the condensation reaction between oximes and ethyl acetate as the acylating agent and solvent. The reaction was followed by TLC for five days at 25°C. Results (not shown) indicated that the reaction between oximes 1-6 and ethyl acetate proceeded slowly after seven days. In consequence, more reactive enol esters (vinyl esters), commonly used in many applications of CAL-B and other lipases in organic solvents [9] , were tested as acyl donor substrates. We adjusted the oxime/isopropenyl or vinyl acetate ratio to an amount close to the stoichiometric value, and then the enzymatic synthesis of oxime esters was achieved using 1 mmol and 1.2 mmol oximes as the acylating reagent and 2 mL ethyl acetate as the solvent. The results observed indicated that the CAL-B catalyzed oximolysis reaction between oximes 1-6 and isopropenyl or vinyl acetates yielded oxime esters at 25°C for five days, verified by TLC. The conversion of aromatic aldehyde oximes 1-6 into their oxime esters catalyzed by CAL-B was confirmed, since these products were not observed when the enzyme was absent from the reaction mixture. When the CAL-B catalyzed oximolysis reaction between oximes 1-6 and isopropenyl or vinyl acetate was tested at 40°C for three days, the oxime substrate(s) disappeared (vinyl acetate was a better acyling agent than isopropenyl acetate). Other lipases, Candida rugosa lipase (CRL), porcine pancreas lipase and a thermoalkaliphilic recombinant lipase (LipMatCCR11) produced by the thermophilic strain G. thermoleovorans CCR1, cloned and expressed in E. coli BL21 (DE3), did not show satisfactory results compared with CAL-B. In addition, oximolysis reactions with CAL-B were carried out, the oxime ester formation followed by H 1 NMR. The chemical identity of the oxime esters was confirmed by their H 1 NMR spectra compared with those of oxime precursors. Two peaks were particularly compared in the spectra (Figure 3 : one singlet for the proton H-C(Ar)=NOH, whose signal at δ ≈ 8.0 ppm diminished in the course of the reaction, and one singlet for the proton H-C(Ar)=N-OCOCH 3 , whose signal at δ ≈ 8.4 ppm increased during reaction time (Figure 2 for vanillin oxime 1; similar data were found for the other oximes shown in Table 3 ). Another signal at 2.1 ppm reveals the vanillin oxime to vanillin oxime ester conversion over time, corresponding to methyl protons of the latter. A high conversion ratio (≥ 99%) from oximes to their ester products were observed when the 8.10-8.18 and 8.39-8.41 ppm regions were integrated (Table 3) ; high yields were also produced. The H 1 NMR
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Comparing the H 1 NMR spectra of vanillin oxime esters (and other aromatic aldehyde oximes) obtained in this work, with those reported [2, 10] , it was observed that the signal numbers, multiplicity and chemical shift (δ, ppm) were identical to those obtained through chemical synthesis by those authors.
In conclusion, in this work two green chemistry approaches for the synthesis of aldehyde oxime esters have been explored. In the first step, six aromatic aldehydes were mechanochemically converted to their corresponding oximes by means of grindstone milling of solid aldehydes and hydroxylamine hydrochloride in the presence of Florisil R (magnesium silicate) as the best support for good yields and high purity; a subsequent lipase catalyzed acetylation reaction of the oximes with vinyl acetate and isopropenyl acetate acyl donor substrates and ethyl acetate as the solvent (40°C, for three days) yielded the aromatic aldehydes oxime esters. The results claim the virtually complete conversions of the oximes tested to their corresponding oxime esters (≥ 99% according to 1 H NMR spectra) with the lipase from Candida antarctica B fraction.
Experimental
Lipases and chemicals: Chemical reagents, solvents, recombinant CAL-B lipase (Novozyme SP-435, 7000 propyl laureate units/g solid enzyme), Candida rugosa lipase (30.5 U/mg) and porcine pancreas lipase (PPL, 12.1 U/mg) were all purchased from SigmaAldrich (Sigma-Aldrich Química S.A. de C.V., Mexico). Culture media were purchased from Bioxon (Becton, Dickinson and Company, Mexico), J.T. Baker (Mexico) and Merck (Merck SA de CV, Mexico). Analytical grade isopropanol and n-hexane were dried by refluxing with 3Å molecular sieves, distilled and stored over 3Å molecular sieves.
Oxime preparation
Mechanochemical preparation of aldehyde aromatic oximes 1-6: All solid-solid reactions were performed by grinding together 6.0 mmol pure aldehyde with 9 mmol pure hydroxylamine hydrochloride in an agate mortar and pestle at room temperature until the reaction was completed (checked by TLC). The resulting reaction mixture was poured into water (50 mL) at room temperature. The precipitate was filtered through a porous glass filter, washed and extracted with ethyl acetate (2 x 50 mL), and the residue was vacuum dried at 25°C for 10 h and stored at 10ºC until use.
Chemical preparation of aldehyde aromatic oximes 1-6: According to literature methods [10] solid aldehyde (0.21 mol), hydroxylamine hydrochloride (0.27 mol), sodium bicarbonate (0.28 mol), and ethanol (75 mL, 96%) were refluxed for 1 h. The reaction mixture was poured into a beaker with water (300 mL), cooled to 5°C, and left for 10-12 h. The resulting crystalline precipitate was filtered through a porous glass filter, washed, vacuum dried and stored at 10 ºC until use. The reaction was checked by TLC performed on aluminum-backed 0.2 mm thick silica gel 60 F254 plates as supplied by Merck. Eluted plates were visualized using a 254 nm UV lamp and/or by treatment with elemental iodine or by treatment with a suitable dip followed by heating (The dip included potassium permanganate/potassium carbonate/5% sodium hydroxide aqueous solution/water (3 g/20 g/5 mL/300 mL).
CAL-B catalyzed oxime ester synthesis:
The reaction mixture consisted of 1 mmol oximes 1-4, 4Å molecular sieves (50 mg), the corresponding enzyme CAL-B (50 mg), dry ethyl acetate (2 mL) and 1.3 mmol vinyl acetate. The reaction mixture was shaken at 30°C or 40°C and 250 rpm under a nitrogen atmosphere. Reaction was followed by TLC and 1 H NMR until the conversion was virtually complete, after which the reaction was stopped by removing the enzyme and molecular sieves by filtration and the solvent was then evaporated under reduced pressure. The reaction mixture was weighed and stored at 10ºC until its analysis by 1 H NMR.
Oxime gas chromatography/mass spectrometric analysis: GC/MS analysis was carried out using a Clarus 580 S GC coupled to a Clarus SQ 8 S MS (Perkin Elmer, Mexico). Samples were analyzed in an Elite 5-ms fused-silica capillary column (poly(dimethylsiloxane), 30 m × 0.32 mm i.d. × 0.25 μm film thickness (Perkin Elmer, USA). Carrier gas was helium, 1.5 mL/min constant flow; 250 °C injector temperature; 1:30 split ratio; 180 °C temperature; 230 °C ion source temperature; 250 °C transfer line temperature; 70 eV ionization energy. Electron ionization mass spectra were acquired over the mass range of 35-400 amu.
Oxime ester
1 H NMR analysis: 1 H NMR spectra were recorded on a NMR spectrometer (Agilent-Varian, Mercury Plus, USA) at 300 MHz.
1 H NMR spectra were obtained from solutions of CDCl 3 and are reported as parts per million (ppm) downfield from a tetramethylsilane internal standard. The following abbreviations are used: singlet (s), doublet (d), triplet (t) and multiplet (m). In order to quantify the CAL-B catalyzed reactions, two regions, one at 8. 10-8.18 and the other at 8.39-8.41 ppm, were integrated. 
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